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Abstract 
The multivariate, layered nature of traffic accident analysis (TAA) determines that any TAA method must be categorized 
according to causational factors and encompass all four basic traffic elements, i.e. driver, vehicle, road and environment. The
Analytic Hierarchy Process (AHP) is used to sequence accident causation factors according to their relative importance, with the
purpose of singling out the most influential ones. The Apriori algorithm is then applied to analyze the degree of an accident or the 
level of influence. Through applications, the method proves itself capable of determining the type and severity of accidents 
caused by multiple factors. The method also demonstrates improvement in the accuracy and efficiency of calculation in dealing 
with large data samples. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
Traffic accidents occur under specific traffic circumstances, involving drivers, road users and various other 
elements. Road traffic safety remains the perennial topic for all transportation professionals across the globe. 
Statistics show that in 2012, there were 46 thousand road accidents in China alone, with 11 thousand deaths and 50 
thousand injuries. Authorities of China have been keeping detailed records on roadway accidents, and built a 
comprehensive traffic accident information system. However, the data had only been used to conduct rudimentary 
* Corresponding author. Tel.: 18946722769. 
E-mail address: xijf@jlu.edu.cn 
 016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology
681 Jianfeng Xi et al. /  Procedia Engineering  137 ( 2016 )  680 – 687 
statistical analyses and data mining attempts, the conclusions of which are mostly patterns and statistics. The more 
meaningful and important nature of traffic causation analysis, characteristics and correlations studies between 
different causational factors have often been overlooked. 
This article combines AHP and Apriori algorithm analysis to determine correlations between causational factors, 
associates the most important causes, explores the mechanism of accidents, and verifies feasibility of the algorithm 
through application, in the meanwhile brings psychological and behavior factors of drivers into the traffic accident 
analysis process. 
2. Literature review 
European environment committee, the state of Utah transportation research, university of Kentucky transportation 
research center and the Japanese association for the study of engineering institutions have each collected accident 
data of their respective region and established databases according to their own research focuses [4,7]. With the 
growth of traffic accident data system increasing, analysis of large amount of data is modeled and high-speed 
extraction of useful information has become increasingly important. For example, researchers are revolving more of 
their studies around association rules, relations between road and accident severity, and integrated analysis of 
accident data [1,3,5]. 
Accident database construction and data mining technologies in China started relatively late, but achieved rapid 
development in recent years. At present, the most comprehensive of traffic accident databases in China was 
developed by the ministry of public security of China, and is called Traffic Accident Information System. The 
database contains 60 types of traffic accident information, which can reflect the occurrence of traffic accidents more 
comprehensively and objectively, but the system has only been utilized in statistical manners, often fails at finding 
relations and patterns that can be discovered in big data systems. 
Chinese researchers tried to adopt different models and algorithms to accident data, CHEN-Ye Qiu based on the 
lack of adequate interpretations of existing models, presented using multi-objective particle swarm optimization 
algorithm to analyze the severity of an accident [6]. Jin-bao Zhao established urban road traffic accident analysis 
based on Bayesian network structure, combined with network model and application joint tree inference engine in 
the accident site under the influence of factors such as the vehicle type, traffic accidents and traffic participants’ type 
of statistical distribution [8].  
The studies above for exploring the lead factors affecting accidents and accident patterns are necessary for certain 
methods, but due to traffic accident data itself having their specific meaning, certain internal relation between many 
factors are not just simple quantification analysis [2]. Moreover, accumulating over a long period of time, the 
volume of the database will increase, requirements of calculation speed and accuracy on the algorithm becomes 
more and more highlighted, stressing the limitations of existing models and algorithms. 
3. The AHP-Apriori analysis method 
 Analytic Hierarchy Process (AHP) is a multi-criteria decision making method, and is presented by American 
researcher Satty T. L., professor of operations research. AHP is the subjective judgment of decision makers to 
quantify the number of forms of expression and processing, through the quantitative data in the form of a 
combination of qualitative and quantitative analysis to help decision makers make decisions. Analytic hierarchy 
process (AHP), however, only the importance degrees of each factor level are compared, and the quantitative 
relationship between various factors is overlooked. 
  Correlation rule is the study of correlation between different events. It is a data mining method. In simple terms, 
correlation rule can produce a type of "A=> B" effect, namely when A happens, B will occur as a result. Association 
analysis is with the goal of mining the hidden relationship between data, looking for the same event in the 
correlation of different items.  
Although association rules can effectively find direct relations between factors, because there are many influence 
factors affecting an accident, if the number of invalid factors associated increase, it will cause lower operation 
efficiency and accuracy. So in order to make up for the inadequacy of these two methods, this paper puts forward 
the AHP - Apriori method to discuss the characteristic of road traffic accident data. First to clear the factors with 
smaller effects on the accident, the main influence factors and the result of the accident should be retained. In order 
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to reduce the amount of accident record, the main factors are associated to determine properties related to the main 
factors and improve the efficiency of correlation. On this basis, through tracing the existing condition to push the 
cause of the accident, considering the factors of cognitive characteristics of drivers and driving behavior, combining 
objective data and rational reasoning, to all kinds of factors affecting driving safety closely linked with the traffic 
accident. AHP - Apriori algorithm logic model is shown in figure 1: 
Fig. 1. Model of AHP-Apriori Algorithm 
In order to verify the feasibility, this article selects the eastern, northern and northeastern regions of China with 
nearly ten thousand accident data and more than 20 types of accident factors extracted, as well as several main 
factors of influence on final accident correlation for analysis of its related properties. 
4.  The main factors affecting the accident ranking based on AHP 
In the analysis process, there are numerous influence factors, some are difficult to quantify, therefore to use 
analytic hierarchy process (AHP) to make decisions, the first accident influencing factors can be divided into driver, 
vehicle, road and environment. Structure of evaluation index is shown in figure 2: 
Fig. 2. Structure system of evaluation Index 
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The use of analytic hierarchy process (AHP) for accident influence factors of importance to determine the specific 
steps are as follows: 
4.1. Constructing judgment matrix 
 Firstly, using the AHP to determine the index weight, the judgment matrix of structure at every level of the 
hierarchy, the judgment matrix is: 
(a)Judgment matrix A – B 
            
 (b)Judgment matrix B1-C                                                  (c)Judgment matrix B2-C 
            
(d)Judgment matrix B3-C                                                     (e)Judgment matrix B4-C 
   
4.2. The biggest characteristic of the judgment matrix calculation 
Calculate maximum characteristic value of the judgment matrix, and check the consistency of the judgment 
matrix, consistency and structure. The matrix of maximum eigenvalue maxO  and are: 
max1 4.24O   max 2 3.02O   max3 3.02O   max 4 3.01O   max5 3.01O   
max
1
nCI
n
O 
 

  (1) 
Table 1 . RI of matrix consistency index 
The order of 
matrix 
1 2 3 4 5 6 7 8 9 
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.45 1.49 
CICR
RI
   (2) 
Numerical calculation can be more than the average random consistency index all through the consistency check, 
which is less than 0.1. 
A B1 B2 B3 B4 
B1 1 3 2 5 
B2 1/3 1 1/2 1/2 
B3 1/2 2 1 4 
B4 1/5 2 1/4 1 
B1 C1 C2 C3 
C1 1 4 2 
C2 1/4 1 1/3 
C3 1/2 3 1 
B2 C4 C5 C6 
C4 1 1/3 1/4 
C5 3 1 1/2 
C6 4 2 1 
B3 C7 C8 C9 
C7 1 1/2 1/3 
C8 2 1 1/2 
C9 3 2 1 
B4 C10 C11 C12 
C10 1 2 3 
C11 1/2 1 2 
C12 1/3 1/2 1 
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4.3. Hierarchical order 
 The biggest characteristic of the pairwise comparison matrix and the value of A 4.24O  , The eigenvalues 
corresponding to the normalized eigenvector {0.473,0.113,0.294,0.12}Z  
4.24 4
CI 0.08 1
4 1
  


0.08
0.089
0.9
CR =    (3)
The results show A passed the consistency test. By comparing the comparison matrix B1, B2 and B3, the weight 
vectors of the level total ranking can be calculated. As shown in Table 2(the weight vectors all have passed the 
consistency test). 
Table 2.  weight vector of the level total ranking 
K 1 2 3 4 
1kZ  0.558 0.122 0.163 0.54 
2kZ  0.122 0.32 0.297 0.297 
3kZ  0.32 0.558 0.54 0.163 
Ȝ 3.02 3.02 3.01 3.01 
CI 0.01 0.01 0.005 0.005 
CR 0.017 0.017 0.0086 0.0086 
Calculated the CR above table, B1, B2, B3 and B4 all passed the consistency test. 
4.4. Getting the weights of all index through the AHP 
Through the Judgment Matrix A-B, we can know the weight of the level index. Similarly, we can know the 
secondary weight through the judgment MatrixB1-C,B2-C,B3-Cand B4-C. As shown in Table 3.  
The weight of the level index shows that the main factors affecting the accident followed by the driver, vehicle, 
road and environmental factor. For the all elements in criterion level, we choose the heavily weighted factors as the 
main factors affecting accident and then conduct a series of correlation analysis. According to calculations, the 
selected indicators from the all secondary index affecting the accident are: driver's driving age, road surface 
conditions and weather conditions. 
5. Analyzing the main factors affecting accident according to the Apriori algorithm 
5.1.  Defining road traffic accidents property  
As the association rules for the data to be analyzed are systematic and hierarchical, and it is required be able to 
precise allocation of factors of each item. So first of all we need to define the property of road traffic accidents. 
Road accidents property refers to the operating state of the driver, vehicle, road, environmental and any other 
various aspects when an accident occurs. It specifically includes the driver properties (driving age and character), 
vehicle properties (overloaded or not), road properties (road alignment and surface condition), weather properties 
(such as sunny, rain), time properties (day or night) and any other aspects. 
Table 3. The value of traffic accident causation index 
The level index Weight The secondary index 
Relative
weights
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Driver  0.473 
Driving age 0.558 
Sex 0.012 
Character 0.320 
Vehicle  0.113 
Vehicle category 0.122 
Vehicle conditions 0.320 
Overload 0.558 
Road 0.294 
Alignment 0.163 
Road conditions 0.297 
Surface 0.540 
Environmental factor 0.120 
Weather 0.540 
Visibility 0.297 
Illumination 0.163 
5.2. Building the road accidents property data model 
We have thousands of cases of traffic accidents as a whole set of D, every affair is a sample of accident case. 
Every factor in traffic accident data set forms a set of items I, any one item (ik) of which is a factor associated with 
traffic accidents. We use “in” to represent the road surface condition, and it has values of dry, wet, muddy, snow and 
other conditions, and im represents the accident forms, with side collided, the scratch, hit fixture, rollovers and other 
values. For example, set the order "slippery road surface condition" for the condition X, so that "the accident hit the 
fixture shape" for the conclusion Y. By analyzing the rules "X => Y" strength, it can be derived the associate degree 
road between the surface conditions and the accident form. In this paper, we make a four set of road property model 
as an example, where the weather conditions, road surface conditions and driving age as the reasons set, and the 
accident form for the result set. Logical model shown in Figure 3. 
Fig.3   item sets logical relationship 
5.3.  Finding the combination values of the frequent field and the strong association rules 
Mining the important associated factors combination is to use the classic Apriori algorithm, and its basic idea is 
to repeatedly scan the database. 
The first step is to find all frequent item sets: first find frequent item set (the set 1-), and then make use of the set 
1- mining frequent item set 2-.Constantly the cycle continues until it cannot find more frequent k item set up. Due to 
the use of the analytic hierarchy process had already identified the frequent item sets, therefore skip steps. 
The second step is to come out the strong association rules from frequent item sets: finding the association rules 
is essentially to meet the minimum support in terms of focus, find the rules to meet the minimum degree of 
confidence associated. 
Accident
Forms
Driving age 
Surface
Weather
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In the item set of weather conditions, driving experience, driving age, road surface and accident forms, for 
example, the accident information represents such as table 4: 
Table 4. Four item sets accident information 
Number Weather Driving age Road surface accident form 
1 1 2 1 Side crash 
2 1 1 1 Same direction scratch 
3 4 2 3 Frontal crash 
4 1 2 5 Hit fixtures 
5 3 1 4 Rollover 
6 2 1 3 Rear-end collision 
7 1 2 1 Same direction scratch 
8 2 1 1 Hit fixtures 
9 1 1 3 Rollover 
10 3 1 4 Rear-end collision 
11 4 2 2 Hit fixtures 
12 2 3 4 Side crash 
… … … … … 
Note: For statistical purposes, the numbers are as follows: Weather (1) clear day (2) cloudy day (3) rainy (4) 
foggy (5) snowy; driving age (1) one year or less (2) 1-5 years (3 ) 6-10 years (4) 11-20 years (5)more than 20 years; 
the road surface condition (1) dry (2) wet (3) mud (4) wet (5) snow and ice. 
5.4. Calculating the minimum support degree and confidence 
Set the minimum support as 40%, remove the nonconformity that does not meet the minimum support, and the 
support of the results are as follows: 
Support (snow weather) =P (snow weather data/ total data) =286/9188<40% 
Similarly, for the driving age of 6-10 years, 11-20 years and more than 20 years, the road surface snow and other 
projects support are all less than 40%, which do not meet the minimum support, so they are all not correlated; 
Because of result set it is ,the accident form does not conduct the support test. We randomly selected from the 
remaining items in the collection of some project associate, for example: 
Confidence (wet => rollover) = P (wet / rollover) = 106/246 = 43% Confidence (sunny, dry => hit fixture) = P 
(sunny dry / hit fixture)= 38/264 = 14% 
Confidence (rain, less than one year of driving age, muddy => rear-end collision) =P (rain, less than one 
year of driving age, muddy / rear-end collision) = 865/1551 = 56% (4) 
5.5. Analyzing the association results 
The result of confidence calculation show that wet conditions have a 43% probability resulting in a rollover. 
From the point of the driver's cognitive and behavioral conditions, it can explain this phenomenon: in slippery 
road, the road adhesion coefficient is reduced, resulting in the increase of the braking distance. If the vehicle still 
keeps operating in higher speeds, the driver's decision time is too short to make an emergency brake in an 
emergency situation, consequently tires skid, which causes imbalance, and ultimately leads to the occurrence of a 
rollover accident. 
Similarly, the probability of rear-end collision can account for 56% of all road accidents when a less experienced 
driver drives on the slippery muddy road in the rain. This indicates that the less driving experience a driver has, the 
little safety awareness he or she has. In the rain, the sight distance become bad and the road surface becomes 
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slippery, however experienced drivers will pay attention to the slow-down of speed, and turn on warning lights or 
use other ways to keep a safe distance from the adjacent vehicle, while the driver of less driving experience still 
keeps short distance, often causing rear-end accidents. 
In sunny days, the probability of hit fixtures is only 14%, which indicates good weather conditions have no 
obvious relationship with hit fixture accidents. In good conditions, drivers have a better sight distance and the 
adhesion coefficient, thus they have enough reaction time to make driving decisions. In addition, some other 
conclusions can be drawn from the previous results, such as the accident-prone drivers are those who are in less 
favorable driving conditions; rainy and snowy will greatly increase the rate of road accidents, etc. These conclusions 
need to be further explored in future research in order to establish a more sound accident principle model. 
The results of accidents associated show that with the help of AHP method and Apriori algorithms, we can dig 
out reasonable and effective features from a large number of traffic accident data. 
6. Conclusion 
 (1)This paper conducts research on the causation analysis of accidents from two aspects, the conclusions are: in 
adverse driving conditions, where main factors directly influence accidents; on the other hand, where main factors 
have correlated effects on accidents, according to the results of analyses, suggests the proposed model is applicable. 
 (2)Adopting AHP classification comparison to analyze accident influence factors can get the contributions of 
accident factors to the final accident under unrelated condition according to the weight, which indicates that the 
main factors affecting the accident are in the following order: The driver factors > road > environmental factors> 
state of the vehicle itself. And accident main influence factors are: driving experience, overload or not, road 
condition, weather conditions, etc. 
(3)Establishing the AHP-Apriori algorithm voids the defects of either model or algorithm, AHP is used to 
determine the main influencing factors, filtering out factors with less contributions to the accident, which greatly 
reduces the amount of calculation required. Through correlation analysis of the main influence factors, it can be 
concluded that there is strong correlation between environmental factors and the accident type. 
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